Abstract: This master thesis dealt with the development of a software package for the mobile motion analysis system eSHOE. The aim of the thesis was to find an efficient way to record and analyze motion data. The mobile motion analysis system eSHOE was developed for the assessment of gait parameters in ambient assisted living settings, applications for rehabilitation as well as physical training and activity monitoring by the Austrian research institute CEIT Raltec. As part of a clinical pilot study including hip fracture patients, who experienced a fall (n=10) and a control group of healthy subjects (n=10), the software package was tested in terms of efficiency, validity and accuracy. Preliminary results show that the developed software packages are applicable on the eSHOE system. Feature extraction algorithms showed good results in detecting the respective gait events.
Introduction
Gait disorders in elderly patients often lead to a considerable loss in quality of life. Possible consequences of gait disorders are occurring fall incidents resulting in serious injuries. In the US at least 20% of non-institutionalized older adults admit having trouble walking or require the assistance of another person or special equipment to walk. The prevalence of limitations in walking can be over 54% for adults aged 85 and older [1] . Furthermore, Goldberg et. al. [2] stated that most gait disorders appear in connection with underlying diseases like the occurrence of stroke, hip fracture or cancer predict and result in considerable loss of walking ability. An approach to prevent the elderly from falling and to detect gait disorders early is the gait assessment. In the "eSHOE" project, a wearable gait analysis system, based on instrumented shoe insoles, was developed by the Central European Institute of Technology (CEIT RALTEC, Schwechat, Austria). The system consists of a pair of conventional orthopaedic insoles with a built-in embedded system, capable of measuring different physical parameters, like the pressure, acceleration forces and angular acceleration [3] .
Methods
To be able to assess gait data easily, an efficient and easy to use software application for measurement management was needed. Furthermore, step recognition algorithms were developed which extract temporal gait parameters out of the eSHOE data. In all, two software modules (controlling, analyzing) were developed and tested in a geriatric setting to ensure efficiency, usability and especially validity of the assessed motion data and the feature extraction algorithms. For qualitative analysis of validity and reliability of the data gathered with eSHOE and the step recognition algorithm, it was necessary to compare data to the state-ofthe-art gait analysis system GAITRite®. Video data of the subject's feet was recorded for reference purposes. Furthermore, quantitative analysis had to be done, to evaluate accuracy and suitability of the developed step recognition algorithm. The embedded system of eSHOE contains a three axis accelerometer (ADXL 346, Analog Devices) with a range of ± 16 g, a three axis gyroscope (Invensense ITG-3200) with a range of ± 2000 °/s and for pressure measurement four force sensitive resistors (A401, Tekscan) are located at the position of heel, the metatarsal head I and V and the big toe. Wireless data transmission is performed via a class 2 Bluetooth module (KC22.6, KC Wirefree). The eSHOE system provides two possible sampling frequencies, 50 and 200 Hz. GAITRite® (CIR Systems, Inc., USA) is a computer based instrumented walkway. It includes a roll-up walkway with embedded pressure sensors to measure spatial and temporal gait characteristics [4] . The video camera used in this study is a Nikon Coolpix S9100 with 60 FPS sampling rate. The measurement management software for eSHOE was developed in C# using .NET framework 4.0. With the integrated development environment (IDE) Microsoft Visual Studio 2010 Professional a graphical user interface was created using the Windows Presentation Foundation (WPF) technology. Providing visual feedback, the user of the software is able to start, stop and monitor measurements. The feature extraction algorithms were developed using MATLAB® as development environment. The sagittal acceleration was used to detect initial contacts. Fehler! Verweisquelle konnte nicht gefunden werden. shows four initial contacts, highlighted with dashed lines. Not only the initial contact but also the last contact (toeoff) is necessary to extract gait parameters like stance phase duration, swing phase duration and step time. To accomplish this, another algorithm was developed using angular rate around the medial-lateral axis of the body to detect the points of time when a toe off event occurs. Figure 2shows angular rate data (medial-lateral axis) from three gait cycles (two right, two left), where the last contact is located at the zero-crossing point. The measurements for the validation of eSHOE and the software architecture developed were carried out inside a geriatric hospital. All subjects from the patient group (n=10, female), whom had experienced a fall and were admitted to the hospital had to perform a series of gait assessments including 4-metre-walking test (4MWT). The tests were carried out during hospitalization and before discharge whereas each test consisted of 3 measurements. The 4MWT data served as basis for the validation of the eSHOE system.
Results
In all, 376 steps were analyzed to evaluate accuracy of the feature extraction algorithms. It clearly has to be stated that the amount of gait events has to be increased in further analyses to allow a more accurate and valid result of the sensitivity. Furthermore, the calculation of the specifity needs to be rethought, as it will always be 100% in this setting and therefore, it has no reliable significance for the quality of the developed algorithms.
Bibliography
